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Abstract: We analyze the current distribution of snails from genus Biomphalaria in the north and south
of the coastal fluvial plain in the state of Sa˜o Paulo, which is part of a large coastal floodplain. Data
from twenty-nine collection sites confirmed that the freshwater body in both regions is colonized by
Biomphalaria tenagophila and Biomphalaria straminea, which are natural intermediate hosts of
Schistosoma mansoni. The abundance of B. straminea in collection sites where only B. tenagophila had
previously been recorded indicates the potential for B. straminea to expand in the region. While
quantitative analysis of the number of specimens per species showed that local growth of B. tenagophila
populations occurs during periods with little rainfall, there is a greater risk of B. tenagophila populations
spreading between different water bodies during rainy periods, when heavy rainfall results in water levels
rising in the main rivers and flooding caused by water flowing from the Serra do Mar mountain range to
the coastal plain. The temperature increase caused by global climate changes and the consequent
increasing frequency of high-water levels and floods can be expected to affect the distribution of these
snails on the coastal fluvial plain, leading to the risk of a change in the autochthonous transmission
pattern of schistosomiasis in the region.
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Resumo: Neste trabalho analisamos a distribuic¸a˜o atual de caramujos do geˆnero Biomphalaria nos setores
norte e sul da planı´cie fluvial da costa litoraˆnea de Sa˜o Paulo. A regia˜o esta´ inserida numa extensa planı´cie
costeira inunda´vel. Os dados de 29 sı´tios de coletas confirmam que a colec¸a˜o de a´gua doce em ambos os
setores e´ colonizada por Biomphalaria tenagophila e Biompalaria straminea. Ambas as espe´cies sa˜o hospedeiras
intermedia´rias naturais do Schistosoma mansoni. A abundaˆnciade B. straminea em sı´tios de coleta em que
foram registrados recentemente apenas B. tenagophila, indica o potencial de expansa˜o de B. straminea na
regia˜o. A ana´lise quantitativa de espe´cimes/espe´cie demonstra que o crescimento local das populac¸o˜es de
B. tenagophila ocorre em perı´odos de baixa pluviosidade. Ha´ maior risco de dispersa˜o das populac¸o˜es de
B. tenagophila entre diferentes colec¸o˜es de a´gua em perı´odos u´midos, quando a alta pluviosidade promove a
cheia dos principais rios e inundac¸o˜es decorrentes do escoamento de a´gua da Serra do Mar para a planı´cie
costeira. O aumento da temperatura causada por alterac¸o˜es clima´ticas globais, e consequentemente
o aumento de cheias e inundac¸o˜es, deve interferir na distribuic¸a˜o dos caramujos na planı´cie fluvial do litoral,
com risco de alterac¸a˜o na transmissa˜o auto´ctone da esquistossomose nesta regia˜o.
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Introduction
This study investigates the distribution of species of the
genus Biomphalaria Preston 1910 in the coastal region of the
state of Sa˜o Paulo, which is characterized by rocky coastlines
and lower-lying areas consisting of plains cut by small rivers
(Souza 2005) and valleys that are prone to flooding (Diegues
et al. 2001). The region includes diversity hotspots, such as the
Atlantic Forest (Carnaval 2009, Viadana & Cavalcanti 2006),
intermingled with areas where the rural and urban landscape
has undergone significant transformation as a result of the
continual changes wrought by human activity (Souza & Souza
2004, Borelli 2008). It is an important and extensive distribu-
tion area for Biomphalaria tenagophila (d’Orbigny 1835) in the
Neotropical region. This species continually colonizes fresh-
water bodies on the coastal plain, particularly in the valley of
the Ribeira do Iguape river, along the northern coast and in the
Santos lowlands (Piza 1972, Teles 1989). According to Vaz
(1989), the coastal region is an important ancestral distribution
area and dispersal center from which the species disperses to
the Sa˜o Paulo plateau and to valleys associated with the
Paraı´ba do Sul river. In addition to B. tenagophila, B. straminea
(Dunker 1848) colonizes isolated areas in the southern part of
the coastal strip (Teles 2005). Both species are intermediate
hosts of Schistosoma mansoni, the parasite responsible for
transmitting schistosomiasis in Brazil.
Increasing temperatures, changes in rainfall patterns and
extreme environmental perturbations caused by man-made
climate changes (Parmesan 2006, Rockstrom et al. 2009,
Rosenzweig et al. 2008) can affect the biodiversity of freshwater
ecosystems directly (Heino et al. 2009) and have an impact on
the distribution and dispersion of countless animal species
(Nooten et al. 2014), including intermediate hosts associated
with the transmission of schistosomiasis (McCreesh & Booth
2014). The success of public campaigns to promote the control
of vectors and intermediate hosts of schistosomiasis will
therefore depend in future on combining a knowledge of the
biology of these snails with advance mapping of areas from
which there is a potential risk of diseases being transmitted.
In the case of planorbid snails from the genus Biomphalaria,
temperature, type of freshwater habitat (DE Kock et al. 2004)
and mode of reproduction determine the geographic distribu-
tion of the species. As with other Basommatophora (Escobar
2011), Biomphalaria reproduces by a combination of self-
fertilization and cross-fertilization, increasing its ability to
colonize new habitats. B. tenagophila and B. straminea are also
resistant to drought and can survive desiccation during periods
without any water, when their metabolic activity is reduced to
basal levels (Tuan & Simo˜es 1989, Teles, & Marques 1989,
Barbosa et al. 1985, Barbosa et al. 2014).
Modifications caused by climate change and anthropic
activity, together with the colonization potential of
B. tenagophila and B. straminea, may directly affect trans-
mission of human schistosomiasis (Silva 1985, Borelli 2008).
In the epidemiologic context, the results of the present study
highlight the fundamental importance of malacological and
Figure 1.Map of the collection points () (North Coast and South Coast/Ribeira do Iguape River) showing the municipalities, (-) rivers/tributaries.
(1-10 Caraguatatuba, 11-15 Sa˜o Sebastia˜o, 16-17 Ilhabela, 18 Ubatuba, 19-24 Itariri, 25-27 Juquia´, 28-29 Registro).
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Figure 2. Number of specimens of B. tenagophila and B. straminea collected at the 29 collection points in the drainage basin on the north and south
coast of Sa˜o Paulo. (1-10 Caraguatatuba, 11-15 Sa˜o Sebastia˜o, 16-17 Ilhabela, 18 Ubatuba, 19-24 Itariri, 25-27 Juquia´, 28-29 Registro).
Table 1. Geographic details of the areas where the snails were collected in the state of Sa˜o Paulo.
Municipality Ref. No. Neighborhood Coordinates (Lat. S, Long. W)
Caraguatatuba 1 Rio Claro 23°41’46’’ 45°28’57’’




6 Travessa˜o 23°41’49’’ 45°26’30’’
7-8 Porto Novo-1,2 23°41’24’’ 45°26’41’’
23°41’34’’ 45°26’58’’
9-10 Morro do Algoda˜o-1,2 23°40’42’’ 45°27’18’’
23°40’26’’ 45°26’54’’
Sa˜o Sebastia˜o 11 Canto do Mar 23°42’58’’ 45°25’53’’
12 Camburi 23°46’20’’ 45°38’50’’
13 Maresias 23°47’15’’ 45°33’24’’
14 Borace´ia 23°45’12’’ 45°49’31’’
15 Barra do Una 23°45’25’’ 45°46’07’’
Ilhabela 16 Barra Velha 23°49’17’’ 45°22’01’’
17 Itaquanduba 23°47’56’’ 45°21’44’’
Ubatuba 18 Sesmaria 23°27’22’’ 45°05’06’’
Itariri 19 Palmito 24°18’39’’ 47°07’31’’
20 Alumı´nio 24°18’26’’ 47°03’58’’
21 Clay 24°18’11’’ 47°04’04’’
22 Aviac¸a˜o 24°18’13’’ 47°04’31’’
23 Raposo Tavares 24°17’55’’ 47°08’06’’
24 24°17’53’’ 47°08’55’’
Juquia´ 25 Estac¸a˜o 24°19’33’’ 47°37’53’’
26 Parque Nacional 24°18’56’’ 47°38’03’’
27 Vila Florida 24°19’19’’ 47°38’22’’
Registro 28 Vila Sa˜o Francisco 24°29’20’’ 47°51’06’’
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environmental surveillance for estimating risks and predict-
ing the spread of schistosomiasis to new geographic regions.
Material and Methods
Snails were collected on the edges of water bodies and in the
bottom of breeding sites in municipalities near the south coast of
the state of Sa˜o Paulo (Juquia´, Registro and Itariri) and on the
north coast (Sa˜o Sebastia˜o, Caraguatatuba, Ubatuba and Ilhabela
(Figure 1, Table 1). The municipality of Ilhabela is located on Sa˜o
Sebastia˜o Island, which is 1.76 km from the mainland and the
third largest island in Brazil (Cantarelli et al. 2014).
Collections were made between 2008 and 2013 and
complied with Ministry of Health standards (Ministe´rio da
Sau´de 2008) and the methodology standardized by the Super-
intendency for the Control of Endemics (SUCEN) for the
Schistosomiasis Control Program in the State of Sa˜o Paulo.
Once they had been collected, the snails were wrapped in
dry gauze and sent to the laboratory for identification, which
was based on the morphological characteristics of the genital
system, as described in Paraense (1975, 1981). To ensure
standard relaxation the snails were anesthetized with sodium
pentobarbital (Deslandes 1959).
To analyze the relative frequency distribution of
B. tenagophila specimens collected in four different locations
(Travessa˜o, Porto Novo, Morro do Algoda˜o and Indaia´, in the
municipality of Caraguatatuba); the chi-square test was used in a
4 x 2 table, as specified in Pereira (2001). The analysis took into
account the different frequencies in October 2010 and June 2012.
The Rio Claro site was not included in the analysis as there was
no collection there in October 2010. Analysis of residuals (Zres)
was carried out to determine which frequency was responsible for
the significant result in the chi-square test. For a 5% significance
level, residuals greater than 1.96 correspond to a greater number
of occurrences than expected, and residuals less than -1.96 to a
smaller number of occurrences than expected.
Results and Discussion
Of the 1875 planorbid snails from the genus Biomphalaria
collected at the 29 collection points shown in Table 1, 85.5%
were identified as B. tenagophila and only 14.5% as
B. straminea (Table 2). This finding confirms the predominance
of B. tenagophila in the region, corroborating malacological
surveys previously carried out in the same municipalities
(Contino 2004, Teles et al. 2003, SUCEN 2005).
The snails were found in ditches, streams and flooded
urban areas with aquatic plants and grasses on the edges.
B. tenagophila specimens collected in Morro de Algoda˜o in
Caraguatatuba form a distinct group from the other specimens
because of the large absolute frequency of snails collected in the
month of June. In this community, pathogens that cause severe
diarrhea have historically affected a large section of the
population (Asmus et al. 2013). The vulnerability of this area
to floods, together with the high risk of disease transmission,
makes constant malacological and environmental surveillance
of Morro do Algoda˜o essential.
In the comparison of relative frequencies of B. tenagophila
for the four collection sites in the municipality of Caraguata-
tuba (Table 3), the chi-square test with three degrees of
freedom showed that there was a statistically highly significant
difference (X2 ¼ 61.425; po0.001) at the 5% level (p¼ 0.05)
between October 2010 and June 2012, indicating that the
variation in the abundance of snails in the collection points
is related to the collection period. The exception was Porto
Novo, where the number of B. tenagophila specimens was
expected to be higher in June. Analysis of residuals showed that
the much smaller number than expected (Zres¼ -29.347)
of B. tenagophila specimens in Porto Novo in June was
probably responsible for the significant value observed in the
chi-square test.
We believe that the low frequency of snails in Porto Novo
may be related to treatment of the breeding site with
insecticides or Baccilus thuringiensis, which are used in the
area to control the Culex quinquefasciatus mosquito. It may
also be related to mechanical control, including the cleaning
and removal of waste from streams and their banks. Both types
of control would prevent Culex breeding and indirectly increase
the mortality rate of Biomphalaria.
The greatest number of snails was collected in June, when
there is less rain and the smallest number in a period when
rainfall increases. Our findings agree with previous filed studies
that showed the impact of wet/dry seasons on planorbid
populations (Barbosa & Barbosa 1994, Camara et al. 2012,
Fernandez et al. 2014).
Table 4 suggests that rainfall rather than temperature is a
determining factor in the colonization of B. tenagophila. In
months with little rainfall, such as June, freshwater habitats
remain lentic for longer, allowing the snail population to
grow and reproduce. In contrast, during periods of high
rainfall and floods, when water levels rise and rivers burst
their banks (all of which are common events on the north and
south coast, according Pezzoli et al. 2013), growth of the
Biomphalaria population is inhibited. It is probably during
these months that the snail population disperses to new
environments.
Table 2. Number of snails collected on the north and south coast of
Sa˜o Paulo.
Municipality B. tenagophila B. straminea
North Caraguatatuba 990 0
Sa˜o Sebastia˜o 69 0
Ilhabela 4 204
Ubatuba 3 0




Table 3. Distribution of number of B. tenagophila specimens surveyed among the four sites at Caraguatatuba.
Year/month Travessa˜o Porto Novo Morro do Algoda˜o Indaia´ Total %
10/10 7 11 18 26 62 6.3%
06/12 160 14 297 389 919 93.7
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In this study we identified 204 specimens of B. straminea in
the Barra Velha stream in Ilhabela (Figure 2), where previous
malacological surveys had identified B. tenagophila and
B. straminea living in sympatry (Teles et al. 2003). Our results
corroborate the finding that B. straminea has a high potential for
invading and rapidly colonizing new habitats, as described in
studies carried out in Asia (Yipp 1990, Atwood et al. 2014) and
on islands in the Caribbean (Pointier 1993). In some cases the
competitive ability of B. straminea was sufficient to completely
replace native species (Barboza et al. 2012, Barbosa et al. 2014).
Based on the habitats in which the species in Ilhabela were
collected, however, it is reasonable to suppose that B. straminea
has a preference for freshwater bodies with abundant floating
vegetation and that B. tenagophila prefers water collection with
little vegetation like the drainage culvert in which the few
specimens of this species collected in this study were found.
Notable in the southern region of the Sa˜o Paulo coast was
the finding of B. straminea in the Ana Dias district in the
municipality of Itariri (Figure 2), where Muniz (2007) found
only B. tenagophila. In 1980, Santos et al. reported finding
B. straminea naturally infected with S. mansoni in the Sa˜o
Paulo municipality of Cruzeiro, in the valley of the Paraı´ba
do Sul river. Dias et al. (1987) subsequently found that this
population was susceptible to human and wild lineages of
this trematode.
Global climate changes are expected to lead to higher
rainfall, increasing water volumes in all Brazilian basins,
including the Parana´ river basin in the southeast of Brazil
(Souza 2010, Valverde & Marengo 2014). As a result,
Biomphalaria species may be able to cross the natural limits
to their geographic distribution and expand to new areas,
increasing the risk of transmission of schistosomiasis (Coma
et al. 2008, Githeko et al. 2010).
Our findings indicate that B. tenagophila is currently the
predominant species of Biomphalaria on the Sa˜o Paulo coastal
fluvial plain. However, specimens of B. straminea were found in
regions where B. tenagophila had previously predominated.
This shows that there is a risk of the distribution patterns of
S. mansoni intermediate host species changing as a result of the
potential expansion of B. straminea into habitats naturally
colonized by B. tenagophila. Such a change could represent an
additional risk of infection for the human population, as
B. straminea has been shown to be an important vector in areas
where schistosomiasis is endemic, such as the northeast of
Brazil.
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